The etiology of childhood and adult celiac disease is not known. It has been established, however, that gluten, a complex heterogeneous protein in wheat and other cereal grains, plays a significant role in the pathogenesis of the disease, and that the harmful factor resides in gliadin, the alcohol soluble fraction of gluten (1) (2) (3) (4) . Treatment of celiac disease with a gluten-free diet results in clinical and biochemical improvement usually accompanied by a decrease in the severity of the pathologic lesion in the proximal small intestinal mucosa. The ingestion of gluten by patients in remission on a gluten-free diet causes an exacerbation of symptoms, accompanied by malabsorption and acute inflammatory changes in the proximal jejunal mucosa (5) . Furthermore, direct instillation of flour or gluten into the histologically normal distal small intestine of patients with adult celiac disease produces similar acute mucosal inflammation (6) , whereas the intestinal mucosa of a normal subject remains unchanged. The toxicity of gluten and gliadin is retained by mixtures of straight chain polypeptides that result from enzymatic and chemical digestion of the protein (7) (8) (9) . Further digestion of these toxic peptides by fresh extracts of hog small intestinal mucosa or by crude papain renders them inactive (7, 8) . De- amidation or complete acid hydrolysis of gliadin also renders it inactive (1).
*Submitted for publication August 24, 1964 ; accepted November 27, 1964. Supported by the John A. Hartford Foundation and by grant no. CA 09386 from the National Cancer Institute, U. S. Public Health Service. Two hypotheses of the mechanism of gluten toxicity in celiac patients have been proposed (3) . One hypothesis is that celiac disease is the result of an inborn error of metabolism-a deficiency of a specific peptidase in the intestinal mucosa, which results in the accumulation of indigestible toxic peptides of gliadin. Two recent observations, however, have failed to demonstrate a specific peptidase deficiency in the small intestinal mucosa of celiac patients (10, 11) .
The second hypothesis suggests that celiac disease may be immunologic: a local hypersensitivity reaction to gluten or to a gluten peptide. Several observations support this theory. Patients with adult celiac disease often benefit clinically and biochemically from adrenocorticosteroid therapy (12) . Celiac patients on a gluten-free diet have occasionally reacted dramatically to the ingestion of minute quantities of gluten: such a response has been called "gliadin shock" (13) . The infiltration of the small intestinal mucosa in celiac disease with plasma cells, lymphocytes, macrophages, and eosinophils is consistent with a local hypersensitivity reaction. In recent years, humoral antibodies to wheat gluten and gluten fractions have been found in the sera of both children and adults with celiac disease, in greater frequency and titer than in normal controls. These antibodies have been demonstrated by complement fixation (14) , immunodiffusion (15, 16) , and erythrocyte agglutination techniques (16) (17) (18) . It is questionable, however, that humoral antigliadin antibodies are of primary etiologic importance in celiac disease, since celiac patients have also exhibited a higher incidence of humoral antibodies to the milk proteins, casein, lactalbumin, and beta lactoglobulin (15) (16) (17) (18) . Furthermore antigens and fluoresceinated antisera: 1) rabbit antigliadin antiserum, 2) a saturated solution of gliadin in PBS, followed by rabbit antigliadin antiserum, 3) rabbit antibovine serum albumin antiserum, 4) a 1% solution of crystalline bovine serum albumin in PBS, followed by rabbit antibovine serum albumin antiserum, 5) rabbit anticasein antiserum, 6) a saturated solution of casein in PBS, followed by rabbit anticasein antiserum, 7) rabbit antiovalbumin antiserum, and 8) a 19o% solution of crystalline ovalbumin in PBS, followed by rabbit antiovalbumin antiserum.
C. To study the distribution of in vivo and or in vitro fixed corn plenzent in the mtucosa. Sections were incubated with the following antigens, sera, and fluoresceinated antisera: 1) goat or rabbit antihuman beta3c/betaia globulin antiserum, 2) fresh autologous serum, followed by rabbit or goat antihuman betac/betaa globulin antiserum, 3) autologous serum, inactivated by heating at 56°C for 30 minutes, followed by rabbit or goat antihuman betac/betaia globulin antiserum, 4) a saturated gliadin solution in PBS, followed by fresh autologous serum, followed by rabbit or goat antihuman beta,,/ betai globulin antiserum, and 5) a saturated gliadin solution in PBS, followed by unconjugated rabbit antigliadin antiserum, followed by fresh autologous serum, followed by rabbit or goat antihuman beta,,/betaa globulin antiserum.
D. To test for humoral autoantibodies to jejunal mucosal antigens. Sections from four of the five control patients and from six of the nine celiac patients were incubated with autologous serum and were then incubated with the following fluoresceinated antisera: 1) rabbit antihuman gamma2 globulin antiserum, 2) goat antihuman gamma,. globulin antiserum, and 3) goat antihuman gammaim globulin antiserum.
In addition, unfixed sections from the j ej unal biopsy of one of the untreated celiac patients (P.T.) of blood group 0, Rh+, were incubated with fresh sera from six normal control subjects, with the sera from each of the other celiac patients, and with the sera from two additional patients with untreated celiac disease, from whom fresh frozen tissues had not been available. The sections were then incubated with fluoresceinated antisera to each of the human immunoglobulins as described above.
Results
A. Distribution of the inununoglobulins. Immunoglobulins were confined to the cytoplasm of mononuclear cells in the lamina propria of all small intestinal sections that were studied, in the five control patients as well as in the nine patients with celiac disease (Figure 2) . The acetone-fixed sections were the most satisfactory, both with regard to the preservation of cell morphology and to the consistency and brightness of their immunofluorescence. The fixation, however, caused some tissue dehydration, and therefore the tissue density of these fluorescent cells appeared much greater, even in the normal specimens, than they did in the formalin-fixed, hematoxylin-and eosin-stained sections. The identity of these fluorescent cells could not always be determined. Many contained smooth, abundant cytoplasm with eccentric round nuclei and thus appeared to be plasma cells. Others were larger cells, with abundant granular cytoplasm and oval nuclei, and were thought to be macrophages. Still others had the appearance of small lymphocytes with a rim of fluorescent cytoplasm around a spherical nucleus. Eosinophils, which were abundant in the biopsies from celiac patients, were a constant source of non- The -fluoresceinated antisera to the immunoglobulins produced no fluorescence in the epithelial cells of mucosae from control subjects or patients with celiac disease.
Fluorescent staining for albumin and fibrinogen produced inconsistent results, but often, especially with alcohol-fixed sections, revealed irregular, small particles of material in the lamina propria. These were thought to represent denatured aggregates of these proteins in the interstitial fluid of the lamina propria. (Figure 3, A-B , Table III ). Of the five control patients (Figure 3, C) Direct staining of small intestinal sections with fluoresceinated antigliadin antiserum, without preincubation with gliadin, produced no staining of mucosae from control subjects. Three celiac patients, however, one of whom supposedly followed a strict gluten-free diet, demonstrated such epithelial staining, but to a lesser degree than was observed when the respective sections were preincubated with gliadin solution (Table III) .
When sections from control subjects, or from celiac patients, were preincubated with bovine serum albumin, casein, or ovalbumin solutions, and were then stained with the corresponding fluoresceinated antisera, or when they were stained directly with these antisera, fluorescent staining was not observed.
The epithelial cell staining with fluoresceinated antigliadin antiserum, after incubation with gliadin solution, could not be significantly inhibited by diluting the fluoresceinated antigliadin antiserum with unconjugated antiserum. This fluorescent staining was markedly inhibited, however, when the fluoresceinated antigliadin antiserum was first absorbed with gliadin (100 mg of gliadin per 1 ml of antiserum) for 1 hour at room temperature.
This control was carried out in sections from only four of the celiac patients.
No fluorescence of the inflammatory cells of the lamina propria was observed when sections were stained either directly with fluoresceinated antigliadin antiserum or after incubation with gliadin solution. Thus gliadin did not appear to be the antigen against which the immunoglobulins in these cells were directed.
C. Complement studies. Direct staining of the sections with either of the fluoresceinated antihuman beta,,/betaa globulin antibodies produced no specific fluorescence. Thus there was no evidence that complement had been fixed to the mucosae in vivo. When sections from both con-trol and celiac patients were first incubated with fresh autologous or homologous serum and then stained with fluoresceinated antihuman beta,,/ beta,, globulin antibodies, a brilliant fluorescence was uniformly observed along the superficial margin of the epithelial cells, both on the villi and extending into the crypts (Figure 4, A-B Figure 5 ). However, when the sera from four of the control patients were incubated with their autologous jejunal sections, a similar superficial localization of immunoglobulin was observed; gammaiM globulin was thus identified in three subjects, gamma,. globulin in two, and gamma2 globulin in one.
When the sera from ten celiac patients and from six additional normal control subjects were incubated with jejunal sections from one of the celiac patients (P.T., blood group 0, Rh+), gammalm globulin was demonstrated in all instances in the same superficial location, and gamma,. globulin was similarly demonstrated in one instance. In these studies, unfixed tissue sections proved to be most satisfactory. As noted previously, when tissue sections were stained directly without preincubation with serum, immunoglobulins were not observed in the superficial epithelial cells. Dilution of the fluoresceinated antibodies with their corresponding unconju-gated antisera usually, but not always, inhibited the fluorescence.
The distribution of immunoglobulin in these sections preincubated with serum corresponded to that of betaic/betala globulin, although their staining was generally less intense and more prominent in the crypt epithelium. Thus, it is probable that immunoglobulins from all sera, especially gammalm macroglobulin, are nonspecifically absorbed or fixed to the superficial aspect of mucosal epithelial cells of either autologous or homologous small intestine. No difference could be observed between sera from treated or untreated celiac patients, or control subjects.
Discussion
The hypothesis that immunologic processes play a role in the pathogenesis of adult celiac disease was investigated by tissue immunofluorescent techniques. The distribution of immunoglobulins, the reaction of dietary antigens including gliadin, and the fixation of complement were thus studied in the jejunal mucosa of patients with adult celiac disease and in control subjects.
Tissue-bound immunoglobulins have been demonstrated in the lesions of diseases thought to be immunological in nature, such as experimental nephritis, experimental serum sickness, the arthus phenomenon, lupus erythematosus, glomerulonephritis, amyloidosis, rheumatic fever, rheumatoid arthritis, and polyarteritis (26) (27) (28) (29) (30) . In the jejunal mucosa of patients with adult celiac disease, as well as in controls, immunoglobulins were confined to mononuclear cells of the lamina propria. Gammaa globulin was the major immunoglobulin identified in these cells. The antigens to which these immunoglobulins were directed could not be identified; gliadin did not react with these immunoglobulins.
Antigen-antibody complexes as well as denatured gamma globulin aggregates may fix complement (31) . Complement, bound in vivo, has been identified in the lesions of lupus and experimental nephritis, serum sickness, the arthus phenomenon, glomerulonephritis, amyloidosis, polyarteritis, and acute rheumatic fever (22, (32) (33) (34) (35) . Moreover, the binding of complement in vitro has been used to localize antigen-antibody complexes or gamma globulin aggregates in the lesions of experimental nephritis, glomerulonephritis, amyloidosis, and myasthenia gravis (35) (36) (37) (38) . The distribution of the betaic/betaia globulin component of complement was studied in jejunal mucosa from adult celiac patients and controls. No evidence either for in vivo or for specific in vitro complement fixation, and thus no evidence for the presence of complement-fixing antigen-antibody complexes, was found. The nonspecific fixation of the beta1, globulin component of complement at the superficial margins of the epithelial cells may have masked specific fixation in the case of the celiac patients, but the failure to demonstrate immunoglobulins at that site makes this possibility unlikely.
Since denatured gamma globulin aggregates may fix complement (31) , the nonspecific in vitro fixation of the beta,, globulin component of complement along the superficial margin of the epithelial cells could possibly be secondary to the nonspecific in vitro fixation of immunoglobulins, which was also found to occur in these same areas.
Malik and associates (21) found that fresh serum from five untreated celiac patients reacted with the epithelial cell cytoplasm of unfixed autologous or homologous jejunal mucosa to a significantly greater degree than did the sera from celiac patients on a gluten-free diet, or from normal subjects. They used a fluoresceinated antiserum to the human alpha and beta globulins; antibody to the beta1, globulin component of complement and to gammaIm globulin may have been present also in this antiserum. In the present studies, using fluoresceinated antisera to each immunoglobulin as well as to betac/betaa globulin, absorption or fixation of gammalM globulin and the betac/betaa globulin component of complement to the superficial aspect of epithelial cells was observed. This reaction was noted when autologous or homologous unfixed sections were preincubated with fresh sera, either from celiac patients or from control subjects. Since this reaction between gammaIm macroglobulin and intestinal mucosa was demonstrated with both autologous and blood group 0 homologous intestine, it would not appear to involve the blood group antigens that are present in the intestinal mucosa (39) .
Thus, although immunoglobulins were found to be present in jejunal mucosa from patients with adult celiac disease, neither immunoglobu-lins reacting with gliadin nor complement-fixing immune complexes were identified. Furthermore, a humoral autoantibody directed against intestinal mucosa could not be demonstrated in sera from celiac patients. Therefore, these studies give no support to the immunologic theory of the etiology of adult celiac disease. They cannot exclude the possibility that immunologic processes do play a role in its pathogenesis.
In studies using fluoresceinated antigliadin antibody, epithelium of celiac patients bound gliadin in vitro; no immunoglobulins were found at the same site. Atrophic mucosa from untreated patients and mucosa from treated patients that appeared normal or almost normal on light microscopy demonstrated the same reaction. 3) Autoantibodies reactive against epithelial cell cytoplasm could not be demonstrated in the sera from celiac patients.
4) The cytoplasm of the intestinal epithelium from celiac patients bound gliadin, but not casein, bovine serum albumin, or ovalbumin. Only one of the five control patients bound gliadin minimally. The nature and significance of the binding are not known.
